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= ABSTRACT

-

: An experimental investigation of the Space Shuttle Launch Vehicle
N was conducted in the NASA-MSFC 14-Inch Wind Tunnel (TWT-652; FA25).

; The primary objective of the test was to determine the aerodynamic

g increments due to the attach structure. Secondary objectives were to
:; determine the effects of: (1) Orbiter nose mold line changes; (2) wire
: bundle fairings on data measurements; and (3) flow angularity.

The 0.004-scale model was tested over the Mach range from 0.60 to
1.25 at angles of attack and sideslip from -8 to +8 deg. The total
pressure was 22 psia for all runs. Six-component orbiter data were
obtained from a balance in the orbiter which was sting supported. The
External Tank was attached to the solid rocket booster, each of which
vwas sting supported. An alternate two sting/two balance arrangement
was also tested with a single sting and balance in the Extetn;l Tank B
measuring combined ET/SRB aero data replacing the two stings in the s

SRB's. Two runs were also made at Mach number 4.96 with the two SRB's
} removed.,

el L

NI et

The aerodynamic coefficients obtained from the test are tabulated
as a function of angle of attack or sideslip for each Mach number value.
Representative plots of the data are also included.
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£ NOMENCLATURE
& COMPUTER
j% SYMBOL NOTATION DEFINITION
;% A - crogss sectional area, in
%ﬁ AF - axial force, 1lbs
ﬁg - BREF lateral reference length, inches :
£y
{ Cy CA axial force coefficients
CAOQ orbiter
CATS ET and SRBs
CAT launch vehicle ' j
CAFT launch vehicle forebody
~ CAFO orbiter forebody
CABO orbiter base
CAFTS ET and SRBs forebody
CAsT ET base
CABLS left SRB base
CABRS right SRB base
Cp ¢ drag coefficient
CDO orbiter
CDTS ET and SRBs
CDT launch vehicle
Cz CBL rolling moment coefficient
CBLO orbiter
CSLO orbiter, stability axis
CBLTS ET and SRBs
CSLTS ET and SRBs, stability axis
CBLT launch vehicle
CSLT launch vehicle, stability axis
6
it > - o
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COMPUTER
SYMBOL NOTATION

cL

CLO
CLTS
CLT

CLMTS

CLMFO
CMBO
CMBFO

CYNO
CLNO
CYNTS
CLNTS

CYNFTS
CYNLS .
CYNRS

CNO
CNTS

NOMENCLATURE (Continued)

DEFINITION

11ft coefficient

orbiter ‘
ET and SRBs '
launch vehicle ' ]

pitching moment coefficient ‘!

orbiter

ET and SRBs

launch vehicle

launch vehicle forebody ;‘
orbiter forebody :
orbiter base %
orbiter body flap ’

yawing moment..coéfficient

orbiter o
orbiter, stability axis
ET and SRBs ;
ET and SRBs, stability axis
launch vehicle

launch vehicle; stability axis
launch vehicle forebody %
ET and $RBs for&body ’?;
left SRB ‘
right SRB

normal force coefficient g

orbiter
ET and SRBs




SYMBOL

CN (Cont'd)

0TS

¥

COMPUTER

NOTATION

CNT
CNFT
CNFO
CNBO
CNBFO

cp

CPBO
CPBT
CPBLS
CPLRS

CYo
CYTS

NOMENCLATURE (Continued)

DEFINITION

launch vchicle

launch vehicle forebedy
orbite: forebody
orbiter base

orbiter body flap

pressure coefficient

orbiter base
ET base

left SRB base
right SRB base

side force coefficient

orbiter
ET and SRBs
launch vehicle

external tank

aerodynamic force, lbs

longitudinal reference length, inches
aerodyriamic moment, in-lbs

moment reference point

Mach number

normal force, lbs

orbiter

launch vehicle

static pressure, psia
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, NOMENCLATURE (Cont inued)

>

COMPUTER
SYMBOL NOTATION DEFINITTON
- Po - total pressure, psia
PM - pitching moment, in-lbs ‘
q - dynamic pressure, psia :
. RN/R RN/L Reynolds number
* RM - rolling moment, in-lbs
i R 8 - Solid Rocket Booster
=
= SRB - Solid Rocket Booster
» SF - side force, lbs
SSLV - Space Shuttle Launch Vehicle
: SpEF SREF reference area, in?
= - STINGS number of stings supporsi: & .ouel
= T - external tank
% T, - total temperature, °F
5 X - longitudinal transfer distance, inches
3
; Xc XCP/L longitudinal center of pressure location,
P %4 body liength
3 XCP/LO orbiter
?“ XCP/LE ET and SRBs
*‘ XCP/LT launch vehicle
| X - average longitudinal transfer distance
_"t\ inches
{ Y - average lateral transfer distance, inches
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*I’MENCLATURE (Continued) - f
COMEUTER
SYMBOL NOTATION DEFINITION
o YCP/L lateral center of pressure location,
P %Z body length
YCP/LO orbiter i
YCP/LE ET and SRBs i
YCP/LT launch vehicle '
™ - yawing moment, in-lbs
A - vertical transfer distance, inches
z - average vertical transfer distance, inches {
a,anq ALPHA orbiter angle of attack, degrees

GN ALFNOM orbiter nominal angle of attack, degrees

O ALPHAT external tank angle of attack, degrees

BB BETA orbiter angle of sideslip, degrees
BETNOM orbiter nominal angle of sideélip, degrees

BETAT external tank angle of sideslip, degrees

) IB-ELV inboard elevon deflection, degrees

Subscripts

b - Orbiter base condition
£ - forebsdy condition

0 - Orbiter

S - solid rocket booster

{
i
[
{
§ OB-ELV outboard elevon deflection, degrees ‘
{
1




NOMENCLATURE (Concluded)

COMPUTER
SYMBOL NOTATION DEFINITION \

Subscripts (Cont'd)

T - external tank

TS - ext:e.rna], tank and solid rocket booster
combined :

X - longitudinal axis

Y - lateral axis

A - vertical axis

®© - freestream condition
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INTRODUCTION

This report desc¢ribes an experimental wind tunnel test program
conducted in the MSFC l4-Inch Trisonic Wind Tunnel. The objectives
of the test were:

l. Determine the External Tank/Orbiter attach structure
aerodynanic coefficients.

2. Determine the effect of Orbiter nose mold line changes

on the Orbiter derodynamic coefficients in the launch
configuration. .

3. Compare flow angularity determined by inverted model
with tunnel calibration.

4. Determine the effect of instrumentation wire bundles
placed next to attach structure on Orbiter aerodynamics.

The 74-0TS 0.004~scale model was used in this test. The u.biter
contained a six-:omponent balance and was sting supported. The ET was
supported by ~he SRB's, each of which was sting supported. For a por-
tion of the test, a balance supported on a single sting was installed
in the ET and measured combined ET/SRB aero load. The SRB's were
supported by the ET. The Orbiter/ET attach structure was alternately
placed on the Orbiter and the ET. 4

Data were obtained at eight Mach numbers over the range from 0.6
to 1.25 at angles of attack and sideslip from -8 to 48 in 2 deg incre-

ments. 7TwQ runs were made at a Mach number of 4.96 with both SRB's
removed.

12 ot




CONFIGURATIONS. INVESTIGATED

The SSLV model (Figure 1) used for this test is the same as in . -
test IA-140 with certain modifications. A complete descriptioti of
the model is given in Reference 2.

Modifications to all three major components of SSLV, i.e., ET,
Orbiter, and SRB were made for this test. The ET nose was updated to }
a sharp cone and the attach structure was modeled in more detail.
Fairings and a wire bundle utilized on previous larger model tests
were simulated on this model. Figure 2a gives the dimensions of the
- ET aft attach structure, while Figure 2b delineates the fairings and 1
wire bundles. Figure 3a is a photograph of the assorted attach struc-
ture parts. When the attach structure was part of the ET, it was
labeled (AT) and the configuration was .always the same. However, when
the attach structure was part of the Orbiter, several configurations
were tested and are labeled A0, AOl, AO2, etc. Figure 3b depicts the
AT condition, while Figures 3c and. 3d show two of the Orbiter mounted
A0 conditions. |

L

PN - N e D S

Orbiter mold line changes shown in Figure 2c were simulated by
él building up the existing Orbiter wing and nose. The actual mold line
s increments on the model, converted to full scale, are shown in Figures
2d and 2e for several typical cross sections. The Orbiter 102 wing is
thinner than the Orbiter 101 wing, so the mold line changes simulated
are in the opposite direction of full scale changes from Orbiter 101 1

to 102.

W

R

Both SRB's were modified slightly. The aft ET/SRB attach ring
was modified to resemble the most recent configuration and was shifted
aft 6 in. full scale (or 0.024 in. model scale). Also, SRB separation
motors were simulated on the aft skirt and a tunnel was simulated
running from the shoulder to the-flare exit plane.

MU
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CONFIGURATIONS INVESTIGATED (Continued)

f@, The nomericlature for the modified model and various attachments
L A is as follows:

() 101 Orbiter
02 102 Orbiter with mold line ¢hanges on wing and
nose
c3 102 Orbiter with mold line changes on wing only
2 A0 attach structure on orbiter; footing {(skis) on
LZ. structure; 7-in. gap full scale between Orbiter
%ﬁr and crossbeam
B
] A0l A0 attach structure with "skis" removed
EJ? A02 attach structure from IA-140 test
-
e AO3 A0l attach structure with gap reduced to

2 in. full scale

.

L A0S attach structure fabricated to reflect latest

- known dimensions, i.e., leg diameter and angles,
gfi gap size; add footing to tank
3 AT attach structure on ET
;;% PT propellant feedlines attached to ET
E=; PO propellant feedlines attached to Orbiter
Tw% Fl Orbiter to ET propellant line fairing (see Figure 2t)
EEb F2 ET to SRB attach fairing (see Fi-:ure 2b)
Ej F3 wire bundle simulated on Orbiter to ET propellant
%% line (see Figure 2b)
35 Bl SRB to ET aft fairing (see Figure 2b)
14
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T2S2

CONFIGURATIONS INVESTIGATED (Concluded)

balance in sting supported Orbiter; ET attached
to dual sting supported SRB's

stings and balances in Orbiter and ET; SRB's
supported by ET

15
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TEST CONDITIONS

The tunnel conditions existing during the test are listed in v
Table I, while Table II shows the model configuration and altitude

scheduled for each run.

The test apparatus utilized was the same as test IA-140 (Reference
2) with some modifications. The model was supported by two or three ' }
stings. In the three-sting configurations, there was a sting in the
Orbiter and each SRB. The Orbiter contained a six-component balance
with a dummy balance in each SRB. In the two sting arrangement, the
Orbiter and ET each contained a sting and a six-component balance. The
stings were shortened from IA-140 test conditions to place the center ‘

of the model at the tunnel sector center of rotation.

1

The Orbiter was supported by MSFC balance No. 239 and the tank by
MSFC balance No. 231. The estimated maximum model loads and the balance

capacities and accuracies are shown in Table III.

Model base pressure tap locations are shown in Figure 2f. The

three Oribter pressures were manifolded to provide a single value.

16 o ,;
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TEST FACILITY DESCRIPTION

The Marshall Space Flight Center 14" x 14" Trisonic Wind Tunnel

r is an intermittent blowdown tunnel which operates by high pressure air
flowing from storage to either vacuum or atmospheric conditions. ‘A
Mach numher range from .2 to 5.85 is covered by utilizing two inter- '
changeable test sections. The transonic section permits testing at o
Mach 0.20 through 2.50, and the supersonic section permits testing at |
Mach 2.74 through 5.85. Mach numbers between .2 and .9 are obtained by
using a controllable diffuser. The range from .95 to 1.3 is achieved
through the use of plenum suction and perforated walls. Mach numbers
of 1.44, 1.93, and 2,50 are produced by interchangeable sets of fixed
contour nozzle blocks. Above Mach 2.50 a set of fixed contour hozzle
blocks are tilted and translated automatically to produce any desired
Mach number in .25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately
=40°F dewpoint and 500 psi. The compressor is a three-stage recipro-
cating unit driven by a 1500 hp motor.

The tunriel flow is established and controlled with a servo actuated
gate valve. The controlled air flows through the valve diffuser into
the stilling chamber and heat exchanger where the air temperature can
be controlled from ambient to approximately.180°F. The air then passes
through the test section which contains the nozzle blocksjand test

region.

Downstream of the test section is a hydraulically controlled pitch
sector that provides a total angle of attack range of 20° (:10°).
Sting offsets are available for obtaining various maximum angles of
attack up to 90°,
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DATA REDUCTION

All model forces and moments (measured by balance Nos. 231 and 239)
were resolved in the body axis system and are presented ir the form of
non-dimensionalized coefficients. Data were corrected for weight tares
and sting/balance deflections. All data herein are presented in terms
of the orbiter attitude. A slight delta attitude existed between the
components due to 1ndividﬁa1 sting deflections. The ET attitude condi-
tions are tabulated for comparison for the two sting test conditions.

Balance Measured Aerodynamic Coefficients

Body axis coefficients and base pressure coefficients were reduced
as shown below. No corrections were made to these coefficients due to

measured base pressures. Moment transfers are depicted in Figure 2e.

F,

N
= CNO or CNTS = —i%'—?-sl
(0, TS) 95ger

Yy Zy

c = CLMO - —0 4 c *x—2 _c x_0
*®

Cy

Xp
D 98 ey REF N Lger 4  lger

Y
T8 c T

Xp
Tpg Cpzrlagr | Nps  Lggp

F
c, = CAO or CATS —A-é‘-’-ﬂ—ﬁl
(0, TS) 9Spgr

F
Gy = CYO or CYTS -Y-é-‘l'-—"ﬁl
(0, T8) P REr
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i DATA REDUCTION (Continued)
"o , %1,
J C CYNO - + 90
K T Bppp %, Leer
c CYNTS - — - +c o+ -;le-
frg S pEr REF 8 Lokr
“xo zro
c CBLO - —— - A . —
*o Beprlrzr Y0 Lyer |
c CBLTS - er 'f
*rs 9SpprlRer
P -p :
C CPEO, CPBT, CPBLS, CPBRS = —QalaS) ©
(0,T,8) a .
Summary Total Aerod ¢ Coefficients
The following equations apply to the two sting, two balances setup
only. ‘
j
Total Launch Vehicle Forces and Moments ‘
c Ay CAT = cAT + c‘r '
0 - TS
CNT = ¢ + C :
c“'r Y% Npg |
]
c "'clm - C + . .0 §
By %o Trs ;
, ’ |
|
( 2
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- DATA REDUCTION (Continued)

- CIT = +
T c“o c:"'rs

- C = CYNT = cn + C
= R () Prs
4
- C = CBLT = ¢ + C .
"'r !'O j?"1‘8
: Forebody Aerodynamic Coefficients
:_ Forebody Chord Force Coefficient (CA ) ;
- £ 4 !
- c Af = CAFT = (:Af + C Af i
0 T8 ,
1
where: c = CAFO = ¢ - C ;
= Afo 4 Abo i
i and c = CABO = -C Ab0
; Abo l:'0 SREF {
= c = CAFTS = c - C - C
- A CO Y Ay
) LOHC RoHo
3
;; and c = CABT = -C ;—T—
3 A"'1: ’r REF
=
. hy
and Cc =  CABLS - -CD I
’ A °g REF
- sL.H. L.H.

-

N
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DATA REDUCTION (Continued) L
-
and c  CABRS = =C —5
A Pg SREF
8 R.H, |
R.H. |
Forebody Normal Force Coefficient (cN ) for the Total Launch Vehicle
£
j
= CNFT = + C :
L C“fo Npg
where: =  CNFO - € - C -
%, % S “Ngr
0 ]
AbO !
and C = CNBO = =C - tan :
. Ny o\ Spgr 1, |
\ ‘ .
and cN = CNBFO = ~C ?l-
BF Po REF ;
Forebody Pitching Moment Coefficient (cm ) for the Total Launch Vehicle f
£ :
C = CLMPFT = C + C
Bg e, Trg
where: C = CIMFO = C - C - C
= m T my e
%, Z
and c = CMBO = C 2] . _.b_o..
m, M \ lrer & \ lrer
0 (o) (o}
(
21
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DATA REDUCTION (Continued)

Xop
and c = CMBFO = (C wem——one
Tpp Ngr  \ Lper
c = CINFT. = C + C
ng ng n,
T8
where: cn = CYNFIS = (C - C - C
g s T g
LOH. R.HO
Ybs
and C - CYNLS - -C * i
P Ao REF
L.H. L.H.
Ybs
and c = CINRS = C *  —
®bg Abs Loer
R.HQ ROH.

For the single sting/balance in the orbiter setup, the TS terms

are dropped from the equations given above.

The force data were also rotated to the stability axis system and
the centers of pressure (xcp in ET station, inches full scale, both
pitch and yaw) computed.
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DATA REDUCTION (Concluded)

Reference Dimensions and Constants

Symbol Full Scale Model Scale
A, 597.6 f£t? 1.377 in?
T
L
App 142,6 ft? 0.329 in? ‘
A 436.7 ft? 1,006 in?

o
A, (One SRB) 236.4 £t ... ... . 0.544 in?

s |
Legr 1290.3 in, 5.160 in. ‘
MRP X, 976 in. 3.904 1in. o

Y, 0 dn. 0 in. |
i
SpEr 2690,0 ft? 6.198 in® i
* 'ib -1263.0 in. -5.052 in.
()
EBF ~1329.7 in. ~5.319 in.
ib 14.75 deg 14,75 deg
'z‘b -326.5 in. -1.306 in.

0
xT "901075 ino -30607 ino ’

0
xT -53005 ino "'20122 ino

T
zT "34105 in. "1.366 ino

0
ir'b 250.5 in. 1.002 in.

S
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TEST CONDITIONS

TABLE 1.

. A e em. o . Mhath —— _

Mach q To Po
No. RN/2 (psi) (F) (psi)
0.6 3.1 4.4 100 22
0.8 4.8 6.5 100 22
0.9 5.7 7.4 100 22
0.95 6.1 7.8 100 22
1.05 7.0 8.4 100 22
1.10 7.3 8.7 100 22
1.15 7.8 8.9 100 22
1.25 8.4 9.3 100 22
4.96 4.8 3.1 100 90
(
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TABLE III.

BALANCES UTILIZED

MSFC 239 - Orbiter

Estimated Coefficient**
Capacity Max Load Accuracy* Tolerance
NF 200 1b 95 1b 1.0 1b +0.016
SF 100 1b 40 1b +0.5 1b ;0.008
AF 50 1b 48 1b +0.25 1b +0.004
PM 197 in-lb 170 in-1b %0.99 in-1b #0.0031
RM 98 in-1b 56 in-1b +0.49 1in-1lb +0.0016
™™ 50 in-1b 42 in-1b. +0.25 in-1b 0.0008
MSFC 231 - ET
Estimated Coefficient®*
Capacity Max Load Accuracy# Tolerance
NF 122 1b 16 1b +0.61 1b +0.0098
SF 52 1b 9 1b $0.26 1b $£0.0042
AF 22 1b 14 1b +0.11 1b +0.0018
PM 122 in-1d 25 in-1b 10.6% in-1b +0.0019
RM 30 in-1b 3 in-1b #0.15 in-1b $0.0005
YM 53 in-1b 14 in-1b +0.27 in-1db +0.0008

* Accuracy based on $0.5% of balance capacity.
#** Tolerance based on q = 10 psi.
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Figure 2a. - Attach Structure Dimensions
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Base Pressure
Tubes

2. One Balance, Three Stings

Base Pressure

Tubes

b. Balance in Orbiter and ET

Figure 2f. - Location of Base Pressure Tubes
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Orbiter Balance
X.r s 7,511
Y.r s 2
z.r L] 0966
b 4
T
4 ~N
| ET Balance '
-] xT = 6,026
Y.r 0
.\0“ 2, = 1.600
é’ .
' <
Te § Note: All Dimensions
Are Modgl Scale (in.)
[}
~ Xy
p x -30
v, ~ B 1, ® 3407
\/ MRP X, = -2122
Xpe 3904 Z,"" . -i366
Y=o To
Z.rl 1.6Q0

Figure 2g. - Balance Transfers in the Tank Reference System
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rcrted SRBs and ET with (AT) Attach

Structure on ET and (F3) Fairings

Figuzre 3b. -~ Sting Sup
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Figure 3d. ~ Orbiter with (AO4) Attach Structure and (Fl) Fairings
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